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(7) 



wo 2004/113366 PCT/JP2004/008924 

- 2 1 - 

(1) -e^$ns^b'a-«^^#So 

b-h^l^-^-ii>h^h^X\i^^ (Yoshida. M. , Nomura, S. , and fieppu, T. (1987) E 
ffects of trichostatins on differentiation of murine erythro leukemia cell 
s. Cancer Res. 47: 3688-3691; Hoshikawa, Y. , Kijima, M. , Yoshida, M. , and 

15 Beppu, T. (1991) Expression of differentiation-related markers in terato 
carcinoma cells via histone hyperacetylation by trichostatin A. Agi"ic. Bi 
ol. Chem. 55: 1491-1495; Minucci, S. , Horn, V., Bhattacharyya, N. , Russan 
ova, V. , Ogi-yzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. (199 
7) A histone deacetylase inhibitor potentiates retinoid receptor action i 

20 n embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300; 
Inokoshi, J. , Katagiri, M. , Arima, S. , Tanaka, H. , Hayashi, M. , Kim, Y. 
B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. (1999). Neuro 
nal differentiation of Neuro 2a cells by inhibitors of cell progression, 
trichostatin A and butyrolactone I. Biochera. Biophys. Res. Commun. 256, 3 

25 72-376; Wang, J., Saunthararajah, Y., Redner, R. L. , and Liu, J. M. (199 
9) Inhibitors of histone deacetylase relieve ETO-mediated repression and 
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induce differentiation of AMLl-ETO leukemia cells. Cancer Res. 59: 2766-2 
769; Munster, P, N. , Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. 
A. , and Richon, V. M. (2001) The histone deacetylase inhibitor suberoyla 
nilide hydroxamic acid induces differentiation of human breast cancer eel 
5 Is. Cancer Res. 61: 8492-8497; Ferrara, F. F. , Fazi, F. , Bianchini, A., P 
adula, F. , Gelmetti, V. , Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coc 

0, F. , and Nervi, C. (2001) Histone deacetylase-targeted treatment restor 
es retinoic acid signaling and differentiation in acute myeloid leukemia. 

Cancer Res. 61: 2-7; Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , 
10 Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelicc 

1, P. G. , and Heinzel, T. (2001) Valproic acid defines a novel class of H 
DAC inhibitors inducing differentiation of transformed cells. EMBO J. 20: 

6969-6978) „ j:oT. ^^m(D\t^m-t. T7j< h— ^wmmM. 

15 mkC^mM-r^it^m^-i.. JkWffit^PW-f-^ir^S^n-CVNS (Kim. 

M, S. , Kwon, H. J. , Lee. Y. M. , Baek. J. H. , Jang, J. E. . Lee, S. W. , Moo 
n, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. W. 

(2001) Histone deacetylases induce angiogenesis by negative regulation o 
f tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim, M. S. , 
20 Kim, M. J., Nakajima, H. , and Kim, K. W. (2002) Histone deacetylase inhi 
bitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 290-296) „ <t 

^f^. :i^mm(Dit^mi-i. ®^(DHDAC(^5"^. HDACl, 4t.tcit6iZ.M\^X^k 

v^ll.$?s^4^^-ro ^(Dtztb. :^mm<Dit^m-i. HDACl, 4^^fM6i^mm\^ 
25 fcmm(Dmw'^fci-if'm(Dfci^(DmMtvxmm^^j:^o :i(DmBt\^xn. 

HDACl, 4*fci«6;6Sii-^LfcgB:fe^^m. >Sit 
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5 M^UTJi. m^\-t^ -aM^iM> ,m#^^^iM. W^-^^iJM. if 

20 m^i^m.^Ai'ihii^o 



mm. — jis^ (1) (Dit^m^^i^tcmxh^o 

25 laSfi, 5^^(OCyl-l. Cyl-2ttS:#:3>'7;«-p«— >3 >'^^i-g|TfcSo 
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4, R5, R6}i#'*N(0H)C0H(n=4), N (OH) COH (n=5) , N (OH) COH (n=6) ^ ^"f o 

HI 5 0-phenylenedi amine (OPD) , Q-aminophenolcDT 5: K (OAPOH) . Q-am 
inophenol(7:)^>^-7'/^ (OAPNH) . O-aminothiophenol (OATP) (^ftotit^^ bfclE! 

2-amino-6-bromohexanoic acid^ TAbSj 2-ainino-6-acetylthiohexanoic ac 
id^ rAm6(Ac)j ^ 2-amino-6- (3 ' ,3' ,3' -trifluoracetonylthio)-hexanoic ac 
id^ TAmB (Tf acet) J ^ 2, 8-diaminooctanoic acid^ rA2ocJ » 2-amino-7-dimeth 
ylphosphonylheptanoic acid^ TAphJ ^ a-aminosuberic acid^ TAsuJ > formy 
iS-Sr rporj ^ homolysine^ ^HlyJ ^ 2-ainino-8-oxo-9, 9, 9-trif luorononanoic 
acid^ TTfinJ . Q-methy] tyrosinefi rTyi-(Me)j , 2-amino-8-oxo-9, 9, 10, 10, 10- 
pentaf luorodecanoic acid^ TpfeJ ^ pipecolic acid^ I^PipJ ilW^'^'o ^it.^ 
O-phenylenediamine^ TOPDJ ^ 0-aminophenol(75T 5: TOAPOHJ ^ 0-arainophe 

nolCC>rc;:?.7=-/V% rOAPNHj , O-aminothiophenol^ fOATPj ^Bg-fo 
HJS^J 1 . cyclo (-L-Asu (OMe) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

i£#<D:^fe-C^^b/cicyclo(-L-Asu(OBzl)-D-Tyr(Me)-L-Ile-D-Pro-) (0.150 m 
mol, 100 mg) ^ MeOH (l ml) \Z.i^Ml^tCo 4 N ECl/i^^^-^^' (50 fil) 

*|j^L. i^tt<^i6^i^^#fc (column: Merck Kiesekgel 60 01.5x15 cm, 

eluent: CHCVMeOH, 99/1) „ t|K* 65 mg (0.113 mmol, 76%) o 

cyclo (-L-Lys (For, OH)-D-Tyr (Me)-L-Ile-L-Pip-) 43 J;tJ«cyclo(-L- 
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Lys(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^f^ 

(1) Ac-DL-Ab6-0tBu<D'8'^ 

Ac-DL-Ab6-0H (1.26 g. 50 mmol) ^DCM (100 ml) {C^j^?b. '^'0M: (1 ml) 

^m^fc, 7J<^^T^ ^ y^-'^i/^';^'^ (50 mi) ^PA^JA^^ ^^.-e numikm: 

5 Ufc. 4% ^^tK*-:*- b y "^i^TK^I^ (80 ml) ^;*]Px.fc=^. -^W^^X^ yzf^u 

(column: Merck Kieselgel 60 05.0x10 cm, eluent: CHCI3 /MeOH, 49/1) o TLC: 
10 Rf , 0. 8 (CHCla/MeOH, 49/1) o IlXft 9. 25 g (30. 1 mmol, 60%) „ 

(2) Ac-DL-Lys(0Bzl)-OtBu O-^^ 

Ac-DL-Ab6-0tBu (9.25 g, 30 mmol) ^^^-^ (120 ml) {Ci^j|?b. 0-<:x 

'JfVM \^u^iy'fVT ^l^mBM. (9.58 g, 60 mmol) :j3j;tJ«DIEA (20.9 ml, 120 m 

moi) ^-m^, 80*0 t? A^mmi^notio ^j^^m^wmx^. s^^^^/wx-jftai 

T*t^L. 2/:/t't<^i6^i!^^#fc: (column: Merck Kieselgel 60 a>5. 0x22 c 
m, eluent: CHCls/MeOH, 49/1) „ TLC: Rf, 0.3 (CHCls/MeOH, 49/1) o 5.13 
g (14. 6 mmol, 49%) » 
20 (3) Ac-DL-Lys (For, 0Bzl)-0tBu (D^f^ 

7K?^TAc-DL-Lys(0Bzl)-0tBu (4.01 g, 11.5 mmol) {-L^W. (58 ml) *5j;-a«il 
Tkg^m (5.4 ml, 50 mmol) ^MX. 1 ^f^mWX^tlo 1^®?^^ 

y ;^ yVl^iJ' 13 h ^ 7 ^ — -eWl^ v- n 5/ @ ^m^'^tz. (column : 

25 Merck Kieselgel 60 <E>3. 4x20 cm, eluent: CHClj/MeOH, 99/1) o TLC: Rf, 0.45 
(CHClg/MeOH, 49 !)„ 1|X» 3.27 g (8.53 mmol, 75%) „ 
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(4) Ac-DL-Lys (For, OBzl)-OH (D-^^ 

Ac-DL-Lys (For, OBzl)-OtBu (3.27 g, 8.53 mmol) (CTFA (9 ml) ^Ija:^^ 

5 (5) Boc-L-Lys (For, OBzl)-OH (D^^ 

Ac-DL-Lys (For, OBzl)-OH (8.53 mmol) ^^®7X (2 ml) i^l^^L^ 2 N tK^ 

(7 mg) 4oJ;t;« Aspergillus genus T^yT->7— ^ (260 mg) ^>!JDX.^ 40^: 
—mMmi^tio SiJt^m^B mi i;i';^:3E-f->' (5 ml) ^*Px.fc„ 

10 B002O (1.86 g, 8.52 mmol) iS^XJ^ EtgN (1.79 ml, 12.8 mmol) ^;!jP;t. 6 

^^:i3j;t;57K-C'^ 3 Illicit A-e^it^. @^^^5^/v^g*b 

T?feH^(^)@6*Ji^^'#yto JlX* 2.34 g (6.15 mmol, 100%)o 

(6) Boc-L-Lys (For, OBzl)-OTmse (D-^^ 

15 Boc-L-Lys (For, OBzl)-OH (2.34 g, 6.15 mmol) Hr^XXJ^ Tmse-OH (1.76 ml, 12. 
8 mmoD^DCM (3 ml) i^t^ML. tKJ^T DMA? (15 mg. 0.62 mmol) *5j;a« DCC 
(1.52 g, 7.38 mmol) ^^JP^, 10 B#r^^#LfCo >R^&y^^^^L. mt&^W^m^^ 

10% ^^>m7k'mm. 4% ^^7jc*-t-hy i>A7Kjt?^. iafp:i: 

20 fco V^'yy ^—XmU\^. (column: Mer 

ck Kieselgel 60 $2.4x20 cm, eluent: AcOEt/hexane, 1/4) o TLC: Rf, 0.5 (CH 
Cls/MeOH, 99/1) o ^Dl* 338 mg (0.7 mmol, 11%) o 

(7) Boc-L-Ile-DL-Pip-OBzl <D^^ 

Boc-L-Ile-OH • I/2H2O (2. 88 g, 12 mmol) . HCl • H-DL-Pip-QBzl (2. 55 g, 10 
25 mmol) *5j;t;« HOBf H2O (2.30 g, 15 mmol) ^DMF (10 ml) \Z.mU\^. tK^^T E 
tjN (1.4 ml, 10 mmol) *3j;tJ« DCC (3.10 g, 15 mmol) ^M^fz.o — lfe^#b. 
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HXfi 3. 79 g (9. 1 mmol, 91%) » 
5 (8) Boc-D-Tyr(Me)-L-Ile-DL-Pip-OBzl (D^^ 

Boc-L-Ile-DL-Pip-OBzl (2.64 g, 6.1 mmol) (CItKJ^T TFA (4 ml) ^iP^^ 30 
S^m^WX^fZ-o TFA ^g^Ufe^^ Boc-D-Tyr (Me) -OH (2.16 g, 7.3 mmol) *3j; 
n HOBt-HgO (1.40 g, 9.15 mmol) ^Mtl^ DMF (10 ml) kzMUX^t^o 7X^T H 
BTU (3.47 g, 9.15 mmol) *3j:tJ^ EtgN (3.51 ml, 25 mmol) 1 BtfB^S^ 

LT:7,j— At»t<^S6*J#l^#fc (column: Merck Kieselgel 60 05.0x12 cm, elu 
ent: CHCla/MeOH, 99/1) o TLC: Rf, 0.75 (CHCVMeOH, 9/1) o liX* 2.45 g (4.02 
15 mmol, 66%) o 

(9) Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH (D'tfii 

Boc-D-Tyr (Me) -L-ILe-DL-Pip-OBzl (2. 45 g, 4. 02 mmol) ^ ;^ ^ / —JV (10 m 

1) \z.mm\^. pd-c (500 mg) ^M^s 7^mwm%T. m^-r: 3 Htras^tfco 

20 1.98 g (3.81 ramol, 95%) „ 

(10) Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Lys (For, OBzl)-OTmse (D^Jj^ 
tKI^T Boc-L-Lys (For, OBzl)-OTmse (338 mg, 0.7 mmol) (OTA (1 ml) ^iB 

30 ^1jkW.\>fCo TFA ^^*Ufc^^ Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH (363 m 
g, 0.7 mmol) *5j;t/ HOBt • HgO (160 mg, L 05 mmol) ^>tJP;t^ DMF (1 ml) kZ.^ 

■ 

25 ^LfCo tK^pT HBTU (398 mg, 1.05 mmol) EtaN (0.41 ml, 2.9 mmol) 

^*B;t. 1 ^p^tsi^^bfco R^M^m^x^. mk^mk=^f- ^^-Q^^x^tLo 10% 
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^'yy —i^^'O'^Ml^. y^ — J^'Jt^(DB^<^^"Sfc (column: Merck Kieselge 
1 60 a> 1.5x12 cm, eluent: CHClg/MeOH, 99/1) o TLC: Rf, 0.3 (CHClj/MeOH, 49 
5 /Do 485 mg (0.55 mmol, 79%) » 

(11) TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzl)-OH <D^j^ 
Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Lys (For, OBzl)-OTmse (485 mg, 0. 55 mmol) 

^DMF (0.5 ml) Id^^b, 1 M TBAF/THF (2.2 ml, 2.2 mmol) ^JPx.s ^m.X 3 

@*Lfc„ Ctb{;:, 7K^^TTFA (2 ml) ^Mtl. 30 :^itfeMUfCo TFA ^W*Ufc 

mg (0. 55 mmol , 100%) o 

(12) cyclo (-L-Lys (For, OBzl)-D-Tyr (Me)-L-Ile-L-Pip-) *5 j; T^cyclo (-L-Ly 
15 s(For, OBzl)-D-Tyr(Me)-L-Ile-D-Pip-) (D^J^ 

TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzl)-OH (489 mg, 0. 55 mmol) 
^ DMF (5 ml) l^^j^LfCo DMF (275 ml) ±157" h K/DMF ^W. 

(1 ml). HATU (63 mg, 0.16 raraol) -^oiiXj 0.076 M DIEA/DMF (l ml) 

/V^^^Lfdo ni-^ ^'-f — Tft^b. ;;?T;^y" l^:^^— (LDL 

L-W -is^xi U)uy-m ^i^^f\.y^—J>^-^(Dn^m^"i%tL (coiu 

mn: Merck Kieselgel 60 0 1.5x35 cm, eluent: CHClg/MeOH, 99/1) « LDLL-^ : 
25 88 mg (0.13 mmol, 24%). TLC: Rf, 0.8 (CHClg/MeOH, 9/1). RP-HPLC rate 

ntion time: 22.44 min (column: WakoPak C18 ^4.6x150 mm, eluent: CH3CN 1 
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0-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o LDLD- 

92 mg (0.14 nunol, 25%) . TLC: Rf, 0.9 (CHCla/MeOH, 9/1). RP-HPLC 
retention time*. 24.59 min (column: WakoPak C18 4. 6x150 ram, eluent: CH3 
CN 10-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o 
5 (13) cyclo (-L-Lys (For, OH)-D-Tyr(Me)-L-Ile-L-Pip-) (D^f^ 

cyclo (-L-Lys (For, OBzl)-D-Tyr (Me)-L-Ile-L-Pip-) (88 mg, 0. 13 mmol) 

/V (2 ml) iC^MX^. Pd-C (100 mg) ^*Px.s tK^^H^Tx ^M-X^ 1 ^ 

mm¥\^tco Pd-c ^iSisu p^iJ^y-zi^^irii^bfco m^^^^n\'\ i^^b^ 

^#fcio JR* 76 mg (0.13 mmol, 100%) „ RP-HPLC retention time: 17.78 min 
10 (column: WakoPak C18 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear 
gradient over 30 min, flow rate: 1 ml/min)o FABMS (matrix: 2, 2' -dithiod 
iethanol): m/z, 574.3228 [M+H]* (Calcd. , 573.3163, 03,^430^)0 
(14) cyclo (-L-Lys (For, OH)-D-Tyr (Me)-L-Ile-D-Pip-) (D^f^ 
cyclo (-L-Lys (For, OBzl)-D-Tyr(Me)-L-Ile-D-Pip-) (92 mg, 0. 14 mmol) 
15 -^f (2 ml) iZ.mM\^fCo Pd-C (100 mg) ^*P;t. 7K^#H^T^ MUX 1 

^^mm^Ltio HPLC {Z.XRJtmt'^A^. Pd-C ^mML. ?<^y— ^U^@*tfCo 
i:SJg^i^^ffV\ 6^J^7K^#fc„ 75 mg (0.13 mmol, 93%)o RP-HPLC rete 

ntion time: 19.57 rain (column: WakoPak C18 $4.6x150 mm, eluent: CH3CN 1 
0-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o FABMS 
20 (matrix: 2, 2' -dithiodiethanol) : m/z, 574.3230 [M+H]* (Calcd., 573.3163, 

C29H43O7N5) o 

MMM 3 . cyclo (-L-Hly (For, OH) -D-Tyr (Me) -L-Ile-L-Pip-) *3 tt^cyclo (-L- 
Hly(For, 0H)-D-Tyr (Me)-L-Ile-D-Pip-) (D^J^ 
(1) Boc-L-Ab7-0Tmse (D^^ 
25 Boc-L-Ab7-0H (2.7 g, 8.3 mmol) ioXXf Tmse-OH (2.37 ml, 16.6 mmol) D 
CM (4 ml) ^C^^b^ tK/^T DMAP (101 mg, 0.83 mmol) *3j;t;« DCC (2.05 g, 9. 
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96 mmoi) ^iju:^. 6 mmm^\^fco Rjt^^^^Bi^. mw^^'^^i^x-^m^n^tio 

hifyy-(—'^''^ML'. ?ffiibt(?5g6^^^^#fc (column: Merck Kieselgel 60 ^>3. 
5 4x20 cm, eluent: AcOEt/hexane, 1/8) o TLC Rf, 0.85 (CHCls/MeOH, 49/1) o 
llXS 1.92 mg (4.54 mmol, 55%) o 

(2) 0-^:/i^/l't Kt3dr->T5 K<0^^ 

O-^^-i^^/H:: Kn^^^/WT ^ (3.19 g, 20 mmol) V2 n^jUM^lz^ 

10 n^jN/i^A^g^bi/ho rttSfdf^ (20 ml ) {z.mmi^tio — P^7K?^TT'M7K@^^ 

(7.5 ml. 80 mmol) (40 ml) iCjtJPx. 30 r^P^^jScSbfCo ^ItbtC, _h|BO— < 

(column: Merck Kieselgel 60 ^>5. 0x12 cm, eluent: AcOEt/hexane, 1/1) o 
TLC: Rf, 0.3 (CHClj/MeOH, 49/1) „ 11X4 1.69 g (11.2 mmol, 56%) „ 

(3) Boc-L-Hly (For, OBzl)-OTmse (D^f^ 

Boc-L-Ab7-0Trase (846 mg, 2.0 mmol), 0-^>'v?/Ut \^xn^->y\^T ^ K 

20 (453 mg, 3.0 mmol). 3 !) 5>A (166 mg, 1.0 mmol) ioXXf^M:^ ]) '> J>^ 

(1.20 g, 8.0 mmol) ^MTKTir h >- (40 ml) tC^^L. 90°C X 4 BmM^^ 

25 S 6<Ji^^#fc (column: Merck Kieselgel 60 $2.4x15 cm, eluent: AcOEt 

/hexane, 1/3) » TLC: Rf, 0.5 (CHClj/MeOH, 49/1) „ 1|XS 235 mg (0.48 mmol, 
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24%) „ 

(4) Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl)-OTrase (^-^^ 
7K<^TBoc-L-Hly (For, OBzl)-OTrase (235 mg, 0.48 mmol) iCTFA (l ml) ^AOXL. 
30 ^-^kWl^fCo TFA ^^*b/ci=f^. Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (233 mg, 0. 
5 45 mmol) HOBt • HjO (110 mg, 0.72 mmol) ^Mx.. DMF (1 ml) {^MMl^ 

fCo 7K?''pT HBTU (273 mg, 0.72 mmol) ^^.fctJ^EtoN (0.27 ml, 1.9 mmol) ^tiUx.. 



mmwvtco RjtM^mmi^. mm^wm=^^/i^x-ii&mvtco 10% ^^^^ 

10 -eifiS^b. A^(?5@6^i^^#fc (column: Merck Kieselgel 60 «>2.4x20 c 

m, eluent: CHCla/MeOH, 99/1) o TLC: Rf, 0.65 (CHClj/MeOH, 9/1) » JtX* 289 m 
g (0. 32 mmol, 71%) „ 
(5) TFA •H-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl)-OH (D-g-^ 
Boc-D-Tyr(Me)-L-Ile-DL-Fip-L-Hly(For, OBzl)-OTmse (289 mg, 0. 32 mmol) 
15 ^ DMF (1 ml) (Zl^^f^-frx 1 M TBAF / THF (0.7 ml, 0.7 mmol) ^AP;t. 30 ^ 



7X?^T TFA (3 ml) ^*Px.. 30 ^McMi^tio TFA ^g^bfc^. i^^^ 
/l-:^—y^^l^^Xn^~l^^—TJl^^Mx.X&^(Df^^^'^%fCo iiX* 261 rag (0.32 m 
20 mol, 100%) o 

(6) cyclo (-L-Hly (For, OBzl)-D-Tyr (Me)-L-Ile-L-Pip-) :jo J; T^cyclo (-L-Hly 
(For, OBzl) -D-Tyr (Me) -L-Ile-D-Pip-) (D^Jj^ 

TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl) -OH (261 mg, 0. 32 mmol) 
^ DMF (3 ml) liCmMVtCo DMF (270 ml) ^iZ., _h|B7^ h^^T^^K/DMF mW. 
25 (1 ml)^ HATU (62 mg, 0.16 mmol) *5j;TJ« 0.075 M DIEA/DMF (1 ml) ^IJU 

7L. ^M.X 45 :^^^#b/Co Cltl* 3 lEl#«9 5Sbfc#. S/i£;^S^a^bfc„ @^ 
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v- y y/ViJ^ n h if ^ 7 ^ — -efS^ i^T T U^t-^— (LDLL-#:*5 J: D« LD 
LD-W-) (D^M^^Tofc (column: Merck Kieselgel 60 <1>1. 5x36 cm, eluent: C 
5 HClj/MeOH, 99/1) o LDLL-#: : iR* 61 rag (0.090 mmol, 28%). TLC: Rf, 0.55 
(CHCls/MeOH, 9/1). RP-HPLC retention time: 22.40 min (column: YMC-Pack C8 
^4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 min, 
flow rate: l ml/min)o LDLD-^$: : llX* 60 mg (0.089 mmol, 28%)^ TLC: Rf, 0. 
65 (CHCls/MeOH, 9/1), RP-HPLC retention time: 24.29 min (column: YMC-Pack 
10 C8 04.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 
min, flow rate: 1 ml/min)o 
(7) cyclo(-L-Hly(For, OH)-D-Tyr (Me)-L-Ile-L-Pip-) (D^^ 
cyclo (-L-Hly (For, OBzl)-D-Tyr(Me)-L-Ile-L-Pip-) (61 mg. 0. 090 mmol) ^ 
Wm (2 ml) {Z.mM\^tlo Pd-C (100 mg) ^M^. 7Km#ffl^T. ^UX' 1 

15 mwi^fco Pd-C ^tsiib. mm^m^x^tio ^t^^i^^^TV^. ^^^m^mc^ 

IIXS 48 mg (0.082 mmol, 91%) » RP-HPLC retention time: 16.02 min (column: 
WakoPak C18 «>4. 6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient 
over 30 min, flow rate: 1 ml/min)o FABMS (matrix: 2, 2' -dithiodoethano 
1): m/z, 588.3379 [M+H]* (Calcd. , 587.3319, C30H45O7N.5) „ 
20 (8) cyclo (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-D-Pip-) (D^l^ 

cyclo (-L-Hly (For, OBzl)-D-Tyr (Me)-L-Ile-D-Pip-) (60 mg, 0. 089 mmol) ^ p< 
^y—/\^ (2 ml) icmML^. Pd-C (100 rag)^^P;t. 7K*#S1^T. ^I&TIB^PhI 

mwvtio pd-c^Migb. ^iJ^y-zi^^^^bfco b^^m^ 

#7to ^* 38 mg (0.065 mmol, 73%) o RP-HPLC retention time: 18.68 min (co 
25 lumn: WakoPak CIS 4. 6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gra 
dient over 30 min, flow rate: 1 ffll/min)o FABMS (matrix: 2, 2' -dithiodiet 
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hanol): m/z, 588.3388 [M+H]* (Calcd. , 587.3319, C3oH4507N5)o 

cyclo (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-L-Pro-) (D^^ 

(1) Boc-L-Ab7-0Tmse (D^j^ 

Boc-L-Ab7-0H (1.46 g, 4.5 ramol) joj;t)« Tmse-OH (0.77 ml, 5.4 mmol) ^ D 
5 CM (10 ml) fc^^b. yKi'^T'CDMAP (55 mg. 0.45 mmol) *5J:t/ DCC (1.1 g, 5. 
4 mmol) 16 fl^FH^it^bfCo St^^z^/V-e^ittJ bfCo 10% 

-f—X'^Ml^. ?ftibtO@6t«^^#fc (column: Merck Kieselgel 60 03.4x 
10 30 cm, eluent: CHCl3)o TLC: Rf, 0.95 (CHCla/MeOH, 9/1) o llXft 1.25 g (3. 0 m 
mol, 67%) o 

(2) Boc-L-Hly (For, OBzl)-OTmse (D-^^ 

Boc-L-Ab7-0Tmse (2.3 g, 5.5 mmol). ^Wt 0-<>v^/Hr K/W=^i^/WT^ K (1. 
45 g, 9.6 mmol). B^it:^]) ^ (465 mg, 2.8 mmol) *3 J: U (3. 
15 04 g, 22 mmol) ^Mt^T-^ h> (50 ml) iiZ^M^'^s 90°C X 36 ^^MMm^n 

■otz,. K^»m^m.m'ik. ^n^tyto T^/px-ttttsL. o-s^^T^mt-r 

(column: Merck Kieselgel 60 a>3. 4x30 cm, eluent: CHCla/MeOH, 
20 49/1) e TLC: Rf, 0.4 (CHClj/MeOH, 49/1) „ 1.33 g (2.7 mmol, 49 %)» 

(3) Boc-L-Ile-L-Pro-OBzl (D^f}^ 

Boc-L-Ile-OH • 1/2 HoO (l. 19 g, 5. 0 mmol) *3 J;TJ« HCl • H-L-Pro-QBzl (1. 02 
g, 5. 0 mmol) ^DMF (10 ml) (d^^ 7K?n T HOBt • HgO (765 mg, 5. 0 mmol) , 
DCC (1.24 g, 6.0 mmol) ;^oj;t/Et3N (0.7 ml, 5.0 mmol) ^Mk. 16 '^f^W.Wi^ 

25 fco mm^m^v. nm^mk=^^^\^xwm\^fz.. 10% ^zj^^^m-Mmm. 4% 
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(DWi^^'k'i^fz. (column: Merck Kieselgel 60 <I>3. 4x30 cm, eluent: CHClg/MeO 
H, 49/l)o TLC: Rf, 0.8 (CHCVMeOH, 19/1)^ 1^4 1.00 g (2.6 ramol, 52 %)„ 
(4) Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl <D^J^ 
5 7K?pTBoc-L-Ile-L-Pro-0Bzl (1. 00 g, 2. 6 mmol) \Z.T?k (4 ml) ^jQx.. 30 

^FBl;fe»bfCo TFA ^g^L, MffT-tr^^bfCo :l;^^^DMF (6 ml) tci^^b. 

Boc-D-Tyr(Me)-OH (770 mg, 2.6 mmol) ^M^^ J^V^T7K^^TH0Bt • HjO (597 mg, 
3.9 mmol), HBTU (1.50 g, 3.9 mmol) *3j;tJ« EtgN (0.88 ml, 6.3 mmol) ^tVi 

"Ci^Mbx y^—J^^CDU^^^^i^fz. (column: Merck Kieselgel 60 ^> 3. 4x30 c 
ro, eluent: CHCla/MeOH, 99/1) o TLC: Rf, 0.45 (CHCla/MeOH, 19/1) o 1.17 
g (2.06 mmol, 79 %)„ 
15 (5) Boc-D-Tyr(Me)-L-Ile-L-Pro-OH (D^W^, 

Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (595 mg, 1. 0 ramol) ^p^:?'/— ^1- (10 ml) 
{-^j^L. Pd-C (200 mg)^Mx.. tK^^H^T-C 3 ^mMWi^f^o Pd-C 

7^ /V^^^L. At)t(7:>@^#)^#;^Co 380 mg (0.8 mmol, 

80%) 

20 (6) Boc-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, 0Bzl)-0Trase <D^^ 

7K?^T Boc-L-Hly (For, OBzl)-OTmse (394 mg, 0.8 ramol) {C TFA (2 ml) 
30 ^Ps^^ficSb/Co TFA ^®*L. Mi±|i;i^bfCo wtb^ DMF (2 ml) tC^j^ 
Boc-D-Tyr(Me)-L-Ile-L-Pro-OH (380 mg, 0.8 mmol) ^Mx.^ TKi^T HOBt • 
HgO (183 mg, 1.2 mmol), HBTU (461 mg, 1.2 mmol) EtgN (0.23 ml, 1.6 

25 mmol) ^^JPXL 16 mi^W^X^tLo KJ^M^^^X^. i^m^^/l-T-tttli L. 10% ^ 
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7;^- — i>.#t<7)S6^^^#^c (column: Merck Kieselgel 60 <1> 
3.4x30 cm, eluent: CHClj/MeOH, 99/1) o TLC: Rf, 0.6 (CHClj/MeOH, 19/1) o llX 
ft 470 mg (0.55 mmol, 69 %)„ 
5 (7) TFA • H-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For. Obzl) -OH (D^f^ 

Boc-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, OBzl)-OTmse (470 mg, 0. 55 mmol) ^ 
DMF (2 ml) 1 M TBAF/THF (1.9 ml, 1.9 mmol) ^:fiP;t^ii.T* 2 ^ 

10 :iti/(e:7K?^T tea (2 ml) ^Mx.. 30 ^ikMl^tCo TFA 7^ 

/^^;!JDx.Tfi^)|«&5|S^#fCo I&fl: 437 mg (0.55 mmol, 100%)o 
(8) cyclo (-L-Hly (For, OBzl)-D-Tyr(Me)-L-Ile-L-Pro-) (D-k^ 
TFA • H-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, OBzl)-OH (437 mg, 0. 55 mmol) ^ 
DMF (5 ml) 1,Z.mM\^fto DMF (160 ml) ^iz:±^T h K/DMF (1 m 

15 1), HATU (63 mg, 0.017 mmol) *3J;TJ«0.057 M DIEA/DMF (1 ml, 0.33 mmo 

* bfCo y :3^7 n b 7 ^ — fifei^7l5^#/c (column: Mer 

20 ck Kieselgel 60 $1.5x30 cm, eluent: CHCl3)o TLC: Rf, 0.55 (CHCls/MeOH, 19 
/Do ilXi 160 mg (0.24 mmol, 44%) „ RP-HPLC retention time: 7.2 min (colum 
n: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA linear g 
radient over 15 min, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 2' -dithi 
odiethanol): m/z, 664.3735 [M+H]* (Calcd. , 663.3632, C36H6o07N5)o 
25 (9) cyclo (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-L-Pro-) (D^^ 

cyclo (-L-Hly (For, OBzl) -D-Tyr (Me) -L-Ile-L-Pro-) (160 mg, 0. 24 mmol) 
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mm (3 ml) (c^ji?L. Pd-WM^^}) (100 mg) ^;?jp^, 7km^m^T. Mm 

"C/I^H^'flibfCo HX* 68 mg (0.12 mmol, 50%) „ RP-HPLC retention time: 6.2 mi 
n (column: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA 
5 linear gradient over 15 rain, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 
2' -dithiodiethanol) : ra/z, 574.3259 [M+H] * (Calcd. , 573.3163, C29H4407Ns)o 
IIJS^?ij5. cyclo (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-D-Pro-) (O-^^ 

(1) Boc-L-Ile-D-Pro-OBzl (O^WL 

Boc-L-Ile-OH • 1/2 H2O (1.39 g, 6.0 mmol) ^^^rj HCl • H-D-Pro-OBzl (956 
10 mg, 4.0 mmol) ^DMF (10 ml) \zMM'^^ 7k^^T HOBt • HgO (613 mg, 4.0 mmol)^ 
DCC (1.24 g, 6.0 rmnol) *5j;T^ EtsN (0.70 ml, 4.0 mmol) ^1^7L 8 ^Kit# 
LfCo ^l^M^^^X.. @^®?:i^^/WT-ttmL. 10% ^ 4% ^^tK^ 

15 #fc: (column: Merck Kieselgel 60 ^> 3. 4x30 cm, eluent: CHCla/MeOH, 99 Do 
TLC: Rf, 0.92 (CHCls/MeOH, 9/l)o IlX* 1.63 g (3.38 mmol, 85%)o 

(2) Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (T^-^j^jc 

7K?'^TBoc-L-Ile-D-Pro-0Bzl (1. 63 g, 3. 38 mmol) \Z. TFA (5 ml) ^:^P;t. 30 
:5>rBl^r$cabfCo TFA ^g*L. ^i±$t;itU/Co C;^^^DMF (8 ml) (C^^f Bo 
20 c-D-Tyr (Me) -OH (1.50 g, 5.07 mmol) ^M^^ 7i<?^T HOBt • HgO (518 mg, 3.38 
mmol), HBTU (1.92 g, 5.07 mmol) EtgN (2.37 ml, 16.9 mmol) ^MX. 

3 B#rHm#bfco i^m^^m^x.. mm=^'^}^^^m^\^. 10% ^^^ym-^mw.. 

25 :7;i-— A;|^(Di6<Ji^^#fc: (column: Merck Kieselgel 60 03. 4x30 cm, elu 

ent: CHClj/MeOH, 99/1) „ TLC: Rf, 0.89 (CHCVMeOH, 9/1) „ 1.44 g (2.42 
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mmol, 72 %)„ 

(3) Boc-D-Tyr(Me)-L-Ile-D-Pro-OH (D-^j^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.44 g, 2. 42 mmol) ^p^iJ^/— 71^ (12 ml) 
I^Z-mm^"^. Pd-C (150 mg) iSrJDx.. 7R^#H^Ts m^X- 5 B#F«#^^To 
5 fco Pd-C ^Miib. :7;j--A:j^(D @ 6^i^^#fCo J]X» 1.2 

1 g (2. 4 mmol, 99%) » 

(4) Boc-D-Tyr(Me)-L-He-D-Pro-L-Hly(For, OBzl)-OTmse (D^^ 
7k?^T Boc-L-Hly(For, OBzl)-OTmse (593 mg, 1. 2 mmol) KIFA (5 ml) 

30 ^mMMl-fCo TFA ^^^U^ MJE^i^LfCo wtt^ DMF (3 ml) 
10 Boc-D-Tyr(Me)-L-Ile-D-Pro-OH (660 mg, 1.3 mmol) ^Mk.. tKJ^T HOBf 

HjO (230 mg, 1.5 mmol)^ HBTU (760 mg, 2.0 mmol) 43 J; t)? EtjN (0.56 ml, 4.0 
mmol) ^mx. 16 NFfBm^UfCo Si^i^fS^^liU. i^^3i^/v-ettai 10% ^ 

15 -eMi^b^ y'^—J>>^(Dn^^^'i%fz. (column: Merck Kiesel gel 60 $ 

3.4x30 cm, eluent: CHCla/MeOH, 99/1) , TLC: Rf, 0.7 (CHClj/MeOH, 9 /Do U 
* 830 mg (0.94 mmol, 83 %)« 

(5) TFA • H-D-Tyr(Me)-L-Ile-D-Pro-L-Hly(For, OBzl)-OH (D-^j^fe 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Hly(For, OBzl)-OTmse (830 mg, 0.94 mmol) ^ 

20 DMF (2 ml) Us 1 M TBAF/THF (1.9 ml, 1.9 mmol) ^1m^^ 'MMTQ 2 B# 

::;j^(«l7K^^T TFA (2 ml) ^;!ja;l. 30 ^7^tkm.\^tlc TFA v^^^yWj^L— 7- 

/^^13QX.X. &-fe*&7fetr#fCo I|X4437 mg (0. 78 mmol, 93%)o 
25 (6) cyclo (-L-Hly (For, OBzl)-D-Tyr (Me)-L-Ile-D-Pro-) (D^^ 

TFA • H-D-Tyr(Me)-L-Il6-D-Pro-Hly(For, OBzl)-OH (437 mg, 0.78 mmol) ^ D 
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MF (5 mL) id^^bfdo DMF (160 ml) •f^JilBx h ^^T'^^ K/DMF (1 ml). 

HATU (89 mg, 0.23 mmol) idXXf 0.081 M DIEA/DMF i^i^ (1 ml, 0.47 mmol) ^ 

^*bfCo ;i;<>'7Vi5' n-r -effiML. efe*0*^#fc (column: M 

erck Kieselgel 60 <E> 1.5x30 cm, eluent: CHCI3 TLC: Rf, 0.65 (CHCl /MeOH, 
9/1)0 JtX4 340 mg (0.51 mmol, 66%) „ RP-HPLC retention time: 8.2 min (col 
umn: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA linear 
10 gradient over 15min, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 2' -dith 
iodiethanol): m/z, 664.3700 [M+H]* (Calcd. , 663.3632, C36H6o07N6)o 
(7) cyclo(-L-Hly(For, OH) -D-Tyr (Me) -L-Ile-D-Pro-) <D^}^ 
cyclo (-L-Hly (For, OBzl) -D-Tyr (Me) -L-Ile-D-Pro-) (200 mg, 0. 30 mmol) ^ 
J^)V (3 ml) tc^i?b. Y^-WMk^^"^) (100 mg) tr>tJP;t. 7K^#H^Ts 
15 mM-ri 15 ^^m#bf:io Pd-fiii£m/^U t^i^M^^tti^Ufc^. ^^^®*LfCo 
;^|$|t:#-cefe^7|5^t#/Co 11X4 119 mg (0.21 mmol, 70%)o RP-HPLC retenrion 
time: 7.0 min (column: Chromolith performance RP-18e, eluent: CH3CN 10-1 
00%/0. 1% TFA linear gradient over 15min, flow rate: 2 ml/min)o HR-FABMS 
(matrix: 2, 2' -dithiodiethanol) : ra/z, 574.3229 [M+H]* (Calcd., 573.3163, 
20 C29H44O7N5) o 

6 . cyclo (-L-A20C (For, OH) -D-Tyr (Me) -L-Ile-L-Pip-) J; t/cyclo (- 
L-A2oc(For, OH)-D-Tyr (Me)-L-Ile-D-Pip-) (D'^'t^ 
( 1 ) Boc-L-Ab8-0Tmse <D^1^ 

Boc-L-Ab8-0H (3. 37 g, 10 mmol) i^^U Tmse-OH (2. 86 ml, 20 mmol) ^DCM 
25 (5 ml) tKJ^Ts DMAP (122 mg, 1.0 mmol) *5j:t)« DCC (2.48 g, 12 

mmol) ^*P;t. 6 ^K^#Ufc„ ^^^g^m^^/VT'ttW bfco 
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h^^yy ^—-VmWiV. ?ftiytcOg6^^^#fc (column: Merck Kieselgel 60 ^ 
3.4X15 cm, eluent: AcOEt/hexane, 1/8) o TLC: Rf, 0.9 (CHClj/MeOH, 9/1) „ 
5 JiXS 4.20 mg (9.60 nunol, 96%) „ 

(2) Boc-L-A2oc (For, OBzl)-OTmse 

Boc-L-Ab8-0Tmse (2.39 g, 5.50 mmoDs O-^^-v^/Vt Kn^rv^/UT^ K 

(1.24 g, 8.2 mmol)^ 3 ^it:^ V ^M, (456 mg, 2. 75 mmol) ^XU^^!^ V ^ J>> 
(3.30 g, 22 mmol) ^MyKT't h> (110 ml) K^ML^. 90X) 6B P^jI^L 

10 fco mm ufco •i^^^/w:3i-7-/v-ettw 5 n Ti^.m^t-r h v 

(coltunn: Merck Kieselgel 60 $3.4x20 cm, eluent: AcOEt/hexane, 1 
/4) o TLC: Rf, 0.5 (CHClg/MeOH, 49/1) » i^SLM. 814 mg (1.60 mmol, 29%) o 
15 (3) Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OTmse (D^f^ 

^k/^T Boc-L-A2oc (For, 0Bzl)-OTrase (487 rag, 0.96 mmol) iZ. TFA C2 ml) ^ 
1JQ:t. 30 ^;^eL.fCo TFA Lfc=^. Boc-D-Tyr (Me)-L-Ile-DL-Pip-OH (841 

mg, 1.61 mmol) ^XXf- HOBt • H2O (230 mg, 1.50 mmol) ^MpL. DMF (2 ml) 
{d^^LfCo 7j<?''^T HBTU (569 mg, 1.50 mmol) *5j:t>* EtgN (0.60 ml, 4.30 mm 

20 oi) ^mx.. 1 Btfpm^ufco ^jt^m^mmi^. B^^@m^9^/w-ettmbfc„ i 

T-#SiiL. :7^—J^'Ji^<D^^^^'^fc (column: Merck Kieselgel 
60 02.4x13 cm, eluent: CHCla/MeOH, 99/1) o TLC: Rf, 0.65 (CHClg/MeOH, 9/ 
25 1)0 IR* 213 mg (0.23 mmol, 24%) „ 

(4) TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OH <Z)-^J?fe 
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Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OTrase (213 mg, 0. 23 mmol) 
& DMF (0.5 ml) td^^^^^it, 1 M TBAF/THF (0.5 ml, 0.5 nunol) ^j]P^. 



[jm. 



5 ^^^UfCo m<^fcm'Jikmi^. 7K^T TFA (2 mi) ^^3P;t. 30 i^Mcm^t^o TFA 

186 mg (0. 23 mmol, 100%) „ 
(5) cyclo (-L-A20C (For, OBzl)-D-Tyr(Me)-L-Ile-DL-Pip-) (D^^ 
TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-A2Qc(For, OBzl)-OH (261 mg, 0. 32 mmol) 
10 ^ DMF (3 ml) tJl^j^UfCo DMF (200 ml) tfic, _h|E"r b 7^^^ K/DMF 



(1 ml), HATU (44 mg, 0.12 mmol) j3j;t)«0. 053 M DIEA/DMF (1 ml) ^^JPx.. 

^'V-T'ttmL. 10% ^ =i:.>-m7k^m. 4% j^®?7K^i-by e^i^TK^?^. I&fn:^:^ 

15 v/ij h^^^^'— -CMMU> 7;^— i^)|:^t<^@6^i^^#yc: (column: M 

erck Kieselgel 60 <5 1.5x35 cm, eluent: CHClj/MeOH, 99/1) » I|31» 47 mg (0.0 
68 mmol, 21%) o LDLL-#: : TLC: Rf, 0.6 (CHClj/MeOH, 9/1), RP-HPLC retenti 
on time: 24.02 niin (column: VVakoPak CIS 04.6x150 ram, eluent: CH3CN 10-10 
0%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o LDLD-f^ : 

20 TLC: Rf, 0.65 (CHCVMeOH, 9/1) . RP-HPLC retention time: 26.56 min (colu 
mn: WakoPak CIS <I)4. 6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradi 
ent over 30 min, flow rate: 1 ml/min)o 

( 6 ) cyclo (-L-A20C (For, OH) -D-Tyr (Me) -L-Ile-L-Pip-) *3 j; TJ^cyclo (-L-A2oc 
(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^]^ 

25 cyclo (-L-A20C (For, OBzl) -D-Tyr (Me) -L-Ile-DL-Pip-) (47 mg, 0.068 mmol) 

(1 ml) izmmi^tCo Pd-C dOO mg) ^m^, 7K^#ffl^T, MUX 1 B# 
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mmw\^t^o Pd-c ^mmi.. s^m^s^ufco hplc ^m^^'o. i>7:^v-\y:t 

iZ&'^(D'^M^^Sfc (column: YMC-Pack C8 $10x250 mm, eluent: CH3CN 44-53% 
/0. 1% TFA linear gradient over 20 rain, flow rate: 3 ml/min)o LDLL-^: : 1|X 
5 ft 10 mg (0.017 mmol, 25%)^ RP-HPLC retention time: 20.14 min (column: Wa 
kp Pak C18 04.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient o 
ver 30 min, flow rate: 1 ml/min)o HR-FABMS (matrix: 2, 2* -dithiodiethano 
1): m/z, 602.3521 [M+H]* (Calcd. , 601.3476, CjiHiyOA)- LDLD-f$: : itX* 6 mg 
(0.010 mmol, 15%)^ RP-HPLC retention time: 22.43 min (column: WakoPak CI 
10 8 04.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 mi 
n, flow rate: l ml/min)o HR-FABMS (matrix: 2, 2' -dithiodiethanol) : m/z, 
602.3526 [M+H]* (Calcd., 601.3476, C3,H«07N6)o 
HSiM 7 . eye 1 o (-L-Am6 (Tf acet) -D-Tyr (Me) -L-1 1 e-D-Pro-) (D 

(1) Boc-L-Ab6-0Bzl <D^J^ 

15 Boc-L-Ab6-0H (622 mg, 2. 0 mmol) jo J;tJ«-^>'v'/VT/^=i— /V (0.26 ml, 2.4 
mmol) -^DCM (8 ml) {ZllUM^-^: Tk/'^Tt? DMAP (24 mg, 0.2 mmol) *5j;0« DCC 
(453 mg, 2.2 mmol) ^1iU:^—^m.WLti„ DCM ^^^t^H^M^^/l^^ 

10% ^:3^:/^7X^y^, 4% ikm7Kmi-h]J ^ -^yK^mx-^n^^n 3 iBim 

20 \/ =1. ■!7 x:^ -7 Y ■!/ y y ^ — (column: Mei-ck Kieselgel 60 02.5x15 cm, eluent: C 
HClg/MeOH, 99/1) XWMiX^. ^ :t — J^^"^^tCo ^X* 626 mg (1.6 mmol, 78 %)» 
TLC: Rf, 0.94 (CHCl3/MeOH, 9/1) o 

(2) Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Bzl <D^S^ 
Boc-L-Ab6-0Bzl (626 mg, 1.6 mmol) tCzKi^T TFA (2 ml) Sr*D;tx 30 

25 Ot: T^itJceL. Boc S^i^*bfCo TFA MffiT^J^b H-L-Ab6-0Bzl • TF 

A (Dm^^^^fto ^tblC Boc-D-Tyr(Me)-L-Ile-D-Pro-OH (870 mg, 1.7 mmol) 
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^ DMF (3 ml) izmMl^. T-Xy^T-e HATU (712 rag, 1.9 mraol), *5j;TJ« EtgN (0. 
7 ml, 4.8 mmol) ^Mk. 3 mmMWl^fCo DMF ^^*L. mm^W^Bi^i^^^^kM 

5 3.^ P-v h:i7^'^:7^~ (col uran^ Merck Kieselgel 60 ^>2. 5x20 cm, eluent- CH 
Clg/MeOH, 99/1) "CltMbx — A^#fc„ HX* 1.1 g (1.4 mmol, 89 %)o T 
LC: Rf, 0.92 (CHCVMeOH, 9/1) o 

(3) Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H (D^^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Bzl (1. 1 g, 1. 4 mmol) ^p?:?/— 

10 m\^. 5% Pd-C (80 mg) $rAP;tT ;^ ^ 6 mm^Jt-^'^tio y^^y—^^^ 

X2g^i^bT7;^— i^^#fCo HX* 925 mg (1.3 mmol, 96 %)» TLC: Rf, 
0.52 (CHCla/MeOH, 9/1) „ 

(4) cycle (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (D^fj^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H (925 mg, 1.3 mmol) ^C7K^*&T TFA (3 m 
15 L) ^iflx.. 30 0°C -C'>JtfeSU Boc ^^l^^bfCo TFA ^^*L. 7"/V 

^i][i^X ^^^i^^^tio H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H • T 
FA , HBTU(759 mg, 2.0 mmol), HOBt (306 mg, 2.0 mmol) ioXXl DIEA (1.46 m 
1) ^ 5 :5>f'JUT 30 ^tti- DMF (240 ml) KMk.X. MitRfit^^n^fz. 2 0# 

mmr^m^^'s^i^xmm^mm^f-M^WL'o. 10% ^ =s:->'m7Kmm. 4% i^i^TK 

#fc:o 267 mg (0.43 mmol, 32%) „ TLC: Rf, 0.82 (CHCla/MeOH, 9/1)., RP-H 

PLC retention time, 9. 04 min. HR-FABMS (matrix: 2, 2' -dithiodiethanol) : 
m/z, 579.2197 [M+H]*, (Calcd. , 578.2132, C27H4o06N4S^^Br) o 
25 (5) cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) <D^]^ 

cycle (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (230 mg, 0.40 mmol) ^ *5<fct)«^;t-i^ 
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M:^V ^J>> (69 mg, 0.60 nraiol) <D\MF (1.0 ml) ^m^^M^X 3 B#rBlK^&$ 
itfCo DMF ^M*b^ B.^^WM^i^M^^l^V. 10% i^:3i>'^7X^^S*5<tt/ia 

L^ :7;j- — A^#fCo JlXft 230 mg (>100 %)„ TLC: Rf, 0.82 (CHCla/MeOH, 9/l)o 
5 (6) cyclo(-L-Am6(Tfacet)-D-Tyr(Me)-L-Ile-D-Pro-) (D-^f^ 

cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0.20 mmol) <DDMF (1 m 

^^S^^DMF (1.5 ml) icma^'L. 3-Bromo-l. 1. 1-trifluoroacetone (0. 062 ml, 
0.60 mmol) :i6XX^ EtgN (0.085 ml, 0.60 mmol) ^j!3Qx.> —^RJt^^'^fCo DMF 

t^i^^HPLCT'i^i^b. S^i^7|515 mg (12%) ^#fCo HR-FABMS (matrix: 2. 2' -d 
ithiodiethanol) : m/z, 643.2768 [M+H]*, (Calcd. , 642.2707, C30H42O6N4F3S) „ 
MM9\ 8. cycle (-L-Tf m-D-Tyr (Me) -L-Ile-D-Pro-) <D^^ 
15 (1 ) cycle (-L-Asu (0- • Li*) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

cyclo(-L-Asu(OBzl)-D-Tyr(Me)-L-Ile-D-Pro-) (410 mg. 0.63 mmol) ^LiOH 
(53 mg, 1.2 mmol) <};*(CTHF (2 mL) *5j:TJ«7K (2 ml) iC^ML. ^UX— 



i^LfCo BMi^^^l^. T^/V^AO^THl'fbLfCo fJX4 355 mg (100%)o HPLC: 
9. 7 mill (Chromolith, 10-100% CH3CN gradient containing 0. 1% TFA over 15 
20 min)o 

( 2 ) cy c 1 o (-L-Tf m-D-Tyr (Me) -L-1 1 e-D-Pro-) # J5fe : 

« 

cyclo(-L-Asu(0- • Li*)-D-Tyr(Me)-L-Ile-D-Pro-) (355 mg, 0. 63 mmol) ^ CHg 
CI2 (10 ml) tCl^^b. 7Kiai? (CFjCOaO (0.6 ml, 3.8 mmol) ^V^l?fc° 
Vi^^^ ( 0.41 ml, 5 mmol) ^M^X^UX 4 BtPe^it^bfcio Si^^l^^il7X (10 m 

25 1) ^imTLxm^fzi'^. g^^^b-a-^^ CH2CI2 {iittaibfco ^mm^^m-^^^-i^ 
^M.x^m^^^\^. mm7!}^bn&:}it^m^ hplc x^mmu\^tio nx* 155 mg 
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(40%) o HPLC: 8.0 rain (Chromolith, 10-100% CH3CN gradient containing 0:1% 
TFA over 15 min)o HR-FABMS (matrix: 2, 2' -dithiodiethanol) : m/z, 611.30 

41 [M+H]* (Calcd. , 610.2966, C30H42O6N4F3) o 

MMM 9 . cycle (-L-Pf e-D-Tyr (Me) -L-Ile-D-Pro-) (D^f^ 

cyclo(-L-Asu(0- • Li^)-D-Tyr(Me)-L-Ile-D-Pro-) (355 mg, 0. 63 mmol) ^CHgC 

I2 (10 ml) K^m\^. Tkia-e (CFaCFaCOaO (0.75 ml, 3.8 mmol) ^MpL. i2)CV> 

X-^'Vi^l^ ( 0.41 ml, 5 mmol) ^iP;tT^MT* 4 ^mMW^fCo Rlt^m^:^ 

(10 ml) ^m^xm^fc^^. g^^-fb-a-^^srcHgCMdjitiiufco mmm^^m-^^^> 

->^J^Xm.i^^^^\^. HPLC X^m^UVf^o 16 m 

g (5%)o HPLC: 8.8 min (hydrate) and 10.5 (keto) (Chromolith, 10-100% CH3C 
N gradient containing 0.1% TFA over 15 min)o HR-FABMS (matrix: 2, 2' -dit 
hiodiethanol) : m/z, 661.3050 [M+H]* (Calcd. , 660.2955, C3iH42F506N4) „ 
MMMlO. c.yclo(-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-) <D-^f^ 

(1) Boc-L-Aph-OTmse (D-^^ 

Boc-L-Ab7-0Tmse (425 mg, 1 mmol) (DT± h=^h V (2 ml) Nal 
(150 rag, 1 mmol) ^XXJ^ P(0Me)3 (500 rag, 4 mmol) 70*C T 20 BtW^ 

^-^ ^ J>^-X:ttMk. I'f^^^/^^M^tT Boc-L-Aph-OTmse (440 mg, 98%) ^ 
#fCo FABMS (matrix: 2, 2' -dithiodiethanol): m/z, 354 [M+H]*o 

(2) Boc-L-Aph-OH (D^f^ 

Boc-L-Aph-OTmse (440 mg, 1 mmol) CODMF (1 ml) 1 M TBAF/THF (2 m 

i)^Ap;t. 2 mi\'^ux^w\.tio DMF ^'^^x^fcm^'&'kmm.^^M^mmi^. 

:3^^/W^^*LT Boc-L-Aph-OH (250 mg, 0.71 mmol, 70%) ^#fCo 

(3) Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl (D-^^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (416 mg, 0.7 mmol) ^TFA (3 ml) 30 
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^aU. TFA ^^*bT TFA • H-D-Tyr(Me)-L-Ile-D-Pro-OBzl ^#fCo ^fh\Z. B 
oc-L-Aph-OH (250 mg, 0. 71 mmol) (D DMF (3 ml) ^i^, HBTU (400 rag, 1. 05 mm 
ol). HOBt 107 mg, 0.7 mmol) iSXlf- EtjN (0.5 ml, 3.5 mmol) ^M^XO°C 

LT. Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl (200 mg. 0. 24 mmol, 35%) ^# 
fCo MALDI-TOFMS: m/z, 854 [M+Na]*„ 
( 4 ) cycle (-L-Aph-D-Tyr (Me) -L-Ile-D-Pro-) (O^^ 
10 Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl (200 mg, 0. 24 mmol) 

5% Pd/C (50 mg) #ia£T7k^^;!3PL. Boc-L-Aph-D-Tyr (Me)-L-Ile-D-Pro-OH (16 
0 mg, 0. 22 mmol, 92%) ^#/Co Boo ^^7K?n T 30 TFA (2 ml) ^S-Cl^ 

*L-. OV^T- TFA r/w{c:J;o-r@{bLfco #bnfcx b^^-T"^ 

K TFAii: (140 mg, 0.20 mmol)0 DMF (75 ml) HATU (114 mg, 0.3 mmo 

15 1) ^X,XI DIEA (0.12 ml, 0.7 mmol) ^li'^XMMr^^WX^f^o 3 B^PbI^. ^SET 
DMF -^^^L, ^ 1^^:31 ^/KC^^tHL. 10% :^':x.>^7K?^vS. 4% NaHCOsTK 

4^ (15 mg, 0. 024 raraol, 11%) ^#7to HPLC retention time, 7. 0 min (Chromol 
20 ith, 10-100% CH3CN gradient containing 0. 1% TFA over 15 min)o HR-FABMS (m 
atrix: 2, 2' -dithiodiethanol) : m/z, 623.3177 [M+H]MCalcd, 623.3210, C30 
H^.OsN,?) o 

11. H D A C W-W^^%^\^(Om'^ 

25 T?fc5N(0H)C0H(n=4), N (OH) COH (n=5) , N (OH) COH (n=6) , COOH, COOMe, COOBzl, T 
fk, Pfek, Mtfk, Stfk, SMe, SOaMe, Aph<0^^|l.§flH4(Diiij;t^tTo;fe„ 
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■efe-5ia 3 tC^-fJ: 5 ^£Cyl-l, Cyl-2 (Fururaai et al. (2001) Proc. Natl. 

Acad. Sci. USA, 98, 87-92.) ^jtl^M'-iky^ h y^-^^ \'W^<D=i 1^-7 ^ 
?i—Z^Bl^RXfl[S&mi^X^(DmMm^=^^M\^fCo ^^(7)Cyl-l, Cyl-2«5^{$=i 

HDAC|5§.$^S'l±^|lJ^^^f 5 t-^fc «9 . HDAC^|^<SriSM UfCo 10 0 mm 

X-f yiX^icl 1 X 1 0 ^-(11(^2 9 3 T^IS^^t. 2 4B#FBl^{;ifc: hHDACl. 4^fc 
i^'^^:^mkCe^^^-t^^i^ (1 M g) ^LipofectAmine 2000 reagent (Li 

10 fe Technologies, Inc. Gaithersburg, MD) ^^\/^X hy^^'y ^i^^i^a'yX^tCo 
^.efcv ±|Bli hHDACl^^^^^— tip c DNA3— HD 1 (Yang, W. M. , Yao, 
Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Biol. Chem. 
272, 28001-28007.) , k h HD A C 4 ^^-^^ p c D N A 3 . 1 ( + ) 

— HD4 (Fischle, W. , Emiliani, S. , Hendzel, M. J., Nagase, T. , Nomura, 
15 N. , Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1172 
0.) , ^"^.XHDAC 6|g3i.'<^ p c DNA-mHDA 2/HDAC 6 (V 

erdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) ^ 

OPT I -MEMtf3-e5B#PB^-<;J^ i?^ — ^BlDiZi^-li-fc^^. Dulbecco' s modified 
20 Eagle' s medium (DMEM) tcif ±-lil^22^ LT19B#FbM h bTto MM 

^PBS-C^ifeo/c^. lysis buffer ( 5 0 mM Tr i s-HCl (pH7. 5) , 
120mMNaCl, SniMEDTA, 0. 5%Nonidet P-40) 

y^<>-— iXa ^'LfCo ±iW^M't''^^Mi^^'OMib. ProteinA/G plus a 
garose beads (Santa Cruz Biotechnologies, Inc. ) ^^V^'Ts 'y^'^-i^ 
25 ^|^V^fc„ ^(D^^ HDACl, HD AC 4 ^|gm$-ti:fc:»±?*te:fi, ant 
i-FLAG MZ^W- (Sigma-Aldrich Inc.) ^M:^. HD AC 6 ^^^^iirfc 
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?^ffllS±?t(^}^a n t i —HAljLi^ (clone 3F10, Roche Molecular Biochemical 

s) ^Ap X. T 4 °c-e 1 Htrsisj^:^ ^ ^tio 

:zi^lCT ^^^—^\f—^^^1]\ix.X 4°C'V l^mRJt-^'^fc^lk. lysis buffer 
T;^fn— >^ 3|H]^$feV\ HD buffer ( 2 0 mM Tr i s -HC 1 (pH 

5 8. 0), 15 OmM Na C 1 , 1 0 % iJ^-" y ir p — yl^, a complete protease in 
hibitor cocktail (Boehringer Mannheim, Germany) ) "C 1 iHlifco HD buff 
er (2 0 0 m 1 ) F L AG^:/f=- K (4 0 g) (Sigma-Aldrich Inc. ) 

(*HA-<7°5^K (lOOjt/g) ■xr4°C. l^m^ i^^^^—hl^XT:^^—:^^^ 

15 ^ 2 0 ju 1 ) o R^^-m^ 3 0 ju 1 (Z> MJ -f-^^-^WM b-c^ ^^KiS-e-^] D 

ti7t T ^ / ^ ^/i- -V y >• L — h !) - TlPiJ^ L fco T'^^il^'tt^i > h 

t4zi>' h n-yK;i4b^(j--5HDAC?&'l-4(^ 5 0%Pl*^tit( riQo (mM) J )-e^L 
Vc (.^1) o 

•^(T^M^it'fK^ (Dr. B. Vogelstaein) ^'^c'&kZ.^^l^fz.'MMX^'0 . 10%FBS 
^^PUfc:7^y — /H/-/ K^-^DMEMi#M<lrffiV^, 37°C. 5%-m-fti;^^#?iT> 
7KS^iaf B L fc^ =3^ cx — V ^ T # ^^T o fCo Cl <^MFLL-9#iaiS ^85000 
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Luc Lite (Packard BioScsience Company) ^fflV^, IfflBSf^t^l^liL t'CV^6/^i>' 
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IC50 {)M) 



HDAC1 



HDAC4 



P21 Zfa^—'S^ 

HDAC6 EC50 (^M) 



m 



N(OH)COH 



N(OH)COH 



N(OH)COH 



N (OH) COH 



COOH 



cooeae 



COOBz I 



Tfk 



Pfe! 



Stfk 

SMe 

SOjMe 

Aph 
TSA 



33.9 



23.9 



N (OH) COM 0. 067 



6.36 



13.5 



N (OH) COH 0.026 



N(OH)(X)H 0.033 



4.07 



0.12 



MT 



0.73 



0.85 



f;itf k 0. 047 



>500 

>500 

>500 

>500 
0. 022 



25.2 

17.5 

0. 13 

7.02 

18.9 

0.074 

0.090 

5.69 

0.07 

MT 

0. 61 

1.22 

0.19 

NT 

>500 

>500 

>500 
0.020 



14.3 

8.19 

0.18 

12.2 

11.2 

0.78 

0.029 

>500 

>500 

NT 

1.44 

5. 72 

0. 95 

NT 

>500 

>500 

>500 
0.028 



Cyclo(X-y(Kle)-l-pip). 
>100 n=4 

Cyclo(X-y(Me)-l-Pip). 
>100 n=4 

Cyclo(X-y(Me)-l-pip), 
3. 73 n=5 

Cyclo(X-y(Me)-l-pip). 
>100 n=6 

Cyclo(X-y(Me)-l-Pip), 
>100 n=6 



(Jyclo(X-y(He)- 
5.42 n=5 

Cyclo(X-y(Me)- 
61.1 n=5 

Cyclo(K-y([ae)- 
>100 n=5 

Cyclo(X-y(ye)- 
3. 95 n=5 

Cyclo(K-y(r.te)- 
>100 n=5 

CycloOC-y({3e)- 
3. 09 n=5 

Gyclo(K-y(f.te)- 
>100 n=5 

Cyclo(X-y(Me)- 
6. 64 n=5 

Cyclo(X-y(Me)- 
>100 n=5 

Cyclo(X-y(Me)- 
>100 n=5 

Cyclo(X-y(Me)- 
>100 n=5 

Cyolo(X-y(Me)- 

>100 
0. 77 



-P). 



-P). 



-P). 



-P). 



-p). 



-p). 



-P). 



-P). 



-P). 



-P). 



-P). 



-P). 
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4'y(Me)}iD-Tyr(Me), Tyi- (Me) (iO-methyltyrosine, ItiL-Ile, pipfiD-pipec 
olic acid, Pipf^L-pipecolic acid^^-f" (T ^ 7 Z^C^SIB-C^ bT*5 >9 . 

15 tx\ it-^m<D^tfymm\^Mi-^m^'\i^?^^\^mt^'^^::it7!)m^^t 



fi, t (HeLa) (*10%FBS^'j^;l]P L/cDMEMigi-lil^ffi V^, 37°C. 5%" 

25 s buffer ( 5 0 mM Tris-HCl (pH7. 5). 120 mM N a C 1 > 
5mM EDTA, 0. 5%Nonidet P-40) Id^^b. y^^-^^iyn 
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Vbfio ±m^^>t-^mi:iX^mib. SDS buffer ^^fi-^U. lOO'CT'S^Pfg^a b 

fCo 1 d^^i^t bTAKL5Cl ) , 2 7Xm^ : ant i-v"^7 ;^ (LIFE SC 

lENCE) -e^S=^ECL (amersham pharmacia biotech)^ab. T±'^Mh^<:y V(D^ 
5 ffi^^Tofc (1114) c =^<f*5, |ll4tc:4oV^-ttaticbTV^^{b'8^J^(Oil^(0^'flLfiiuM 



[p]^S^^;h.fc:o ^fc, Tfk:3acttJ«N(OH)COH(n=5){*imrt-C^^— ^mr-fe^ 

^mm 1 3 . ms^^^y^:^ h 

Tfk. Pfek, Mtfk*5j;tJ«Aph(75|ipai}a#tt7"X h^t hJ3$3E^ltBJia (TIG-3) , H h 

(HeU) <lrfflV>Ttfo/Co wttPjTIG-SjMJia^ HeLajNBJia^lO%FBS^^ 

15 M\^tz.mmmiU^m^\ 37°c. 5%z:^'fl::>^^#^Tx Tk^^t^fpbfd' ^^^^-^ 

— — ^ffll^Tl^^^tTofCo TIG-3(il5000{@ /well. HeLa{i50OO{@/well(7)^ 

h^^Mx9 6:A:-^-i'^ htcSMb. #weii^/ct)±isc^^mooAti'^''ei 

20 #welltc:Cell Proliferation Kit II (XTT) (n-:x^ • T y 

;^)oSKM'a^?^^50M l-roA;jx. +^0#fB^-r >-^c^-<'- h VX^^^Jt^^ $ 
i?aiJSbfCo ^ItXTT^50 %i;^^^i:^(^iill^IC5o^ bT^b 

25 1C50) ;ei5i^v^{5i:\ 7!)^/vms^m^&di^m^^^mmvx\i^^:Lt^^-to 
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IGso (nM) 7b<A/$Q»&3l1^6«l 



mm\ HeLa TIG-3 j^fla^S/^ 

TSA 12^3 151 1273 
Tfk 8.8 87.1 9.9 
Pfek 616 13443 21.8 
Mtfk 52.5 468 8.9 
Aph >50000 >50000 Z- 

5 MMU 1 4 . cyclo (l-Asu (OPD) -D-Tyr (Me) -L-I le-D-Pro) (D^^ 
(1) cyclo (L-Asu-D-Tyr (Me) -L-Ile-D-Pro) (D^^ 

gE#tO:^fe-T?-^j5feLyt cyclo (l-Asu(OBzI) -D-Tyr (Me) -L-Ile-D-Pro) (360 mg, 
0.56imnol) y —71^(20 ml) K^M\^^ Pd/C (100 mg) ^MK.X5m^1^M 

Tk^ilTcbfCo MIK^M^b. ^ /^Jl^^^^l^X cyclo (L-Asu-D-Tyr (Me) -L- 
10 Ile-D-Pro) -^tt/c o iCiaSlO mg (0. 56 mmol, 100%) o 

( 2 ) cyclo (L-Asu (OPD) -D-Tyr (Me) -L-Ile-D-Pro) (D^fil^ 

cyclo (L-Asu-D-Tyr (Me) -L-Ile-D-Pro) (150 mg, 0. 27 mmol) ^DMF (2 ml) (C 
t§^?L. HOBt-HaO (41 mg, 0.27 mmol). tffiTU (154 mg, 0,4 mmol). o-phenylen 
ediamine (58 mg, 0. 54 mmol) . :^ XXJ h ]) ^^^l^T ^ > (0.12 ml, 0. 8 mmol) 

15 ^OXXM^ 3 mmUWl^fCo ^/l^'Mm^ h^^vy H~XWM\^. cyclo(L-A 
su (OPD) -D-Tyr (Me) -L-I le-D-Pro) (column: Sephadex LH-20 02.0x100 c 

m, eluent: DMF)o 140 mg (0.216 mmol, 80%),, 

MMMl 5. cyclo (l-Asu (GAPOH) -D-Tyr (Me) -L-Ile-D-Pro) *5j;t)^ cyclo (l-Asu 
(OAPNH) -D-Tyr (Me) -L-Ile-D-Pro) <D^0. 
20 MMM 1 t m^(D:^^X*^^ b fccyclo (L-Asu-D-Tyr (Me) -L-Ile-D-Pro) (150 m 
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g, 0.27 mmol) ^DMF (2 ml) HOBt-HjO (41 mg, 0.27 mmol), BOP 

(179 rag, 0.4 ramol), o-aminophenol (35 mg, 0.32 mmol) > ^^Uh ]) =^^/l^ 

T5>- (0.12 ml, 0.8 mmol) ^O'C T^m^S ^mmWl^fCo ^ c b 

yy-C— 'VMM U . -T eye l o (l-Asu (OAPOH) -D-Tyr (Me) -L-1 1 e-D-Pro) ^ # tl (e 
5 olumn: Sephadex LH-20 <[)2. 0x100 em, eluent: DMF)o HXft 70 mg (0.108 mmol, 
40%) $ btCl^^ttl^^^t cyclo(L-Asu (OAPNH) -D-Tyr (Me) -L-Ile-D-Pro) 

(column: Sephadex LH-20 ^> 2. 0x100 em, eluent: DMF)o ijXi 50 rag (0.08 mmol, 
30%) o 

MMMlQ. cycle (l-Asu(OATP) -D-Tyr (Me) -L-Ile-D-Pro) dimer (D-^^ 
10 MMi^i 1 t m^(0:^^X-^)^ bfccyclo (L-Asu-D-Tyr (Me) -L-Ile-D-Pro) (125 m 

g, 0.22 mmol) ^DMF (2 ml) iC^Ml^^ HOBt.HjO (34 mg, 0.22 mmol)^ BOP 
(146 mg, 0.33 mmol) ^ o-aminothiophenol (33 mg, 0.33 mmol) ^ :i^^Xf-hV^ 

^/l-T^V (0.12 ml, 0.8 mmol) ^OT t?ADx., 3 Btfa^jt^bfCo ^^l-MM^ra 
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